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Filament profiles in cw stripe-geometry homostructure GaAs lasers are measured from below to well above 
threshold through their optical spectra. It is shown that the filament appears well below threshold and its 
dimensions are not a strong function of injection level and consequently of the optical field intensity. These 
results are at variance with previously published theories. 
PACS numbers: 42.6O.J 
Stimulated emission in junction lasers is in general 
confined into one or more filaments along the junction 
plane even when the excitation is uniform over a broad 
region. 1-8 This filamentation has been attributed to 
variations of the dielectric constant caused by the high-
intensity optical field generated by stimulated 
emission. 6-8 
In the present paper we report the first reliable mea-
surements of filament prOfile as a function of the injec-
tion current from below to well above the threshold 
level. These results effectively rule out the present 
published theories6- a as explanations for filament for-
mation, showing first that the filaments appear even 
below threshold (where they had not been previously 
detected), and second that they are not a strong function 
of the optical field intensity. The results are consistent 
with a theory soop. to be published which attributes the 
filament formation to stabilization of statistical fluctua-
tions in the junction temperature. 9 
In order to study the filament profile we deCided to 
forego the usual method of studying the optical field 
distribution10- 13 and to study the optical spectra instead. 
This decision was made first because of the near im-
possibility of studying the mode field distribution below 
threshold where it is obscured by the spontaneous 
emiSSion, and because of the difficulty in separating 
the optical field distribution of a given mode when in 
the presence of a number of transverse modes of a dif-
ferent order. So, reliable data can only be obtained 
when the laser is operating in only one transverse 
mode10 by measuring both the near field and the far 
field to get the phase distribution. 12 
This measurement can be made only rarely and then 
only at a particular value of the injection current. 10 On 
the other hand, the spectra of superradiant modes can 
be obtained well below threshold and the spectra of a 
gi ven group of modes can be followed over a very wide 
range of variation of the injection current even when 
coexisting with other modes. The interpretation of the 
measurements is made using the electromagnetic theory 
of junction lasers of Zachos and co-workers14• 15 where 
it was shown that the index of refraction variation which 
confines the radiation forming the filament can be ap-
prOximated through a Taylor expansion by 
where x is the direction perpendicular to the junction 
and y is the direction parallel to the laser mirrors. 
(1) 
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The first-order terms can be made to vanish by ap-
propriate choice of the coordinate origin and high-order 
terms were shown to be negligible. 14 For simplicity we 
are going to keep only the y variation (parallel to the 
junction and the mirrors), which defines the filament. 
In this direction the near-field distribution of the nth-
order mode is given by14 
E y=Hn(-{2 y/wy) exp[ - (Y/Wy)2] , 
where Hn is the Hermite polynomial of the nth order, 
and w Y ' which can be defined as the filament size, is 
given by 
Wy = (AYo/7Tn)1/2, 
where A is the mode wavelength. Similar expressions 
exist for the x direction. 
(2) 
(3) 
StiU using Zachos's theory, 14 we can see that Wy can 
be directly obtained not only from the field distribution 
given by Eq. (2) but also from the wavelength separation 
~Ay between two modes of consecutive order along the y 
direction and of the same order in the other two 
directions: 
Wy = (A3/2lfnn~~Ay/2, 
where n. is the effective index of refraction. 16 
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FIG. 1. Spectra of a family of transverse modes for a given 
longitudinal mode of laser FL 7 for various injection levels 
below and above threshold. Laser operating near 77°K. 
(4) 
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FIG. 2. The central part of the total spectrum of laser FL 7, 
showing transverse mode structure details for four longitudinal 
modes for a current just below threshold. The numerous longi-
tudinal modes in the rest of the spectrum not included in this 
figure also showed similar transverse mode structure. 
As explained above the measurement of AAy is rela-
tively easy to carry out over a large range of current 
variation. This measurement was carried out using 
several stripe-geometry homostructure GaAs junction 
lasers operating cw near liquid -nitrogen temperature. 
The lasers we studied had stripe widths of 25.4 Jlm. 
The measurements were made with a SPEX 1701 mono-
chromator equipped with a refractor plate17 which allows 
the direct observation of the spectra on an OSCilloscope. 
The spectra were also recorded on a strip chart re-
corder. We paid particular attention to the laser spectra 
near threshold where Thompson's theory7 predicted a 
large change in the dielectric constant profile and con-
sequently of AAy. The threshold current was determined 
in two ways: (a) the current at which the abrupt super-
linear increase in the total light intensity versus in-
jection current begins, (b) the current at which a few 
of the longitudinal modes of the laser spectrum experi-
ence an abrupt large increase in their intensity, thus 
making them dominant over the rest of the spectrum. 
It was verified for various lasers that these two 
methods agreed within 1%. 
We show in Fig. 1 the spectra of a family of trans-
verse modes for one of the longitudinal modes of a 
typical diode for various currents from O. 95/th to 
1. 25/th. All the longitudinal modes of the diode showed 
similar behavior. In Fig. 2 we show, for the diode of 
Fig. 1, a part of the laser spectrum showing various 
longitudinal modes of the laser for a current just below 
laSing threshold. The results of Fig. 1 are in direct 
contradiction with Thompson's theory by showing that 
within the precision of our measurement AAy not only 
does not vary in the region above threshold but is also 
constant in the region immediately belOW threshold 
where none of the published theories predict the exis-
tence of filaments. These results effectively rule out 
the optical field intensity as a major contributing factor 
in the formation of filaments, since over the range of 
our measurements this intenSity varied well over an 
order of magnitude. 
In Fig. 3 we show the variation of the filament width 
Wy [calculated by substituting the measured AAy in Eq. 
(4)) as a function of injection current for this laser and 
for another laser. Within the precision of our measure-
ments (-10%) the filament width stays practically con-
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FIG. 3. Variation of filament width Wy as a function of injec-
tion current. Also shown (solid curve) is the variation pre-
dicted by Thompson's theory (Ref. 7). 
stant. Similar results were obtained with all lasers we 
measured. For contrast, also shown in Fig. 2 (solid 
curve) is the variation of Wy with injection current pre-
dicted by Thompson's theory. 7 
Another of Thompson's predictions is also contradict-
ed by our measurements. High-order modes appear 
even below threshold, while his theory predicts the ap-
pearance of the first-order mode at 1'::>1. 1. lIth and the 
second-order mode at 1'::>1. 41th , 
It is interesting to not that although, because of the 
limited resolution of the spectrometer, the error in 
each individual measurement of AAy is of the order of 
20%, this reflects in an error of 10% in the filament 
width wy • The potential error is much smaller than the 
predicted variation in any theory. 
In conclusion our measurements show that the index 
of refraction variations which cause the filaments do not 
depend on the presence of an intense optical field. The 
results are conSistent with a thermal theory of filament 
formation. 9 Further measurements over a wide range 
of temperatures are being carried out to test the validity 
of the theory. 
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Impact ionization coefficients for electrons and holes in 
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We report the measurement of impact ionization rates for electrons and holes in the direct band-gap 
semiconductor alloy IIlo.14G80.86As. Our results show clearly that the ionization rate for holes is greater than 
that for electrons. The measurments were made for electric fields between 2.6 X lOs and 3.4 X 105 V cm -I. In 
this range, the ionization coefficients can be expressed as U = u",exp(-A/ E) for electrons and 13 = 13",exp(-B/ E) 
for holes with U",= 1.0XI09 em-I, A =3.6XI06 Vern-I, and 13",= 1.3X108 em-I, B =2.7X106 Vern-I. 
PACS numbers: 79.20.K, n.20.H 
The IIlsGa1_%As materials system has gained consider-
able importance recently because of its potential for 
both optical sourcesl and detectorsZ in the 1. 06-fJ.m 
low-loss region of optical fibers. Knowledge of the im-
pact ionization coefficients is crucial to the design of 
an avalanche photodiode with optimum noise perfor-
mance and speed of response. For example, a ratio of 
ionization coeffiCients of only 5 can improve noise per-
formance by over an order of magnitude if the carrier 
with the higher, rather than the lower, ionization co-
effiCient is chosen to initiate avalanche gain. 3 
The ionization coefficient gives the number of sec-
ondary carriers generated per unit length by a hot 
carrier. Since the impact ionization regime for most 
semiconductors occurs for electriC fields in excess of 
105 V cm-I, measurement of the ionization rates is 
usually performed in a p -n diode where fields of this 
magnitude can be obtained conveniently. In the general 
case, ionization rates for electrons and holes are not 
equal. Miller first presented the solution for the case 
of unequal ionization rates in abrupt p -n junctions. 4 
Lee et al., have considered the case of a graded junc-
tion. 5 Recently, Woods, Johnson, and Lampert have 
extended the analysis to include Schottky-barrier 
junctions. 6 
The analySiS of the transport phenomena starts with 
the expression for the differential current of an electron 
(or hole) traversing the high -field region: 
~ == - t!.::.A.di == ag(x)ig(x) + 13h(x)ih(x) + qU(x), dx x (1) 
where U(x) is the generation rate of electron-hole pairs 
by photon absorption in the high -field region. This 
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differential equation is to be solved subject to the 
boundary condition that i~(O) == igo at x == 0, one edge of 
the depletion region, and ih(W) = ihO at x = W, the other 
side. The multiplication of the primary currents, igo 
and ihO , is 
(2) 
The solution to Eq. (1) is cumbersome and complicat-
ed. 6 However, by careful deSign of the experiment, the 
solution can be considerably Simplified. The first im-
portant condition is that injected carriers must be gen-
erated far away from the junction assuring that u (x) 
== O. Next, impact ionization initiated by pure electron 
injection and by pure hole injection should be observed 
separately. The latter condition allows the solution to 
be written as two equations, one for electron multipli-
cation 0\.1) and the other for hole multiplication (Mh ): 
1-M;1= JW O! exp[fX(13 -O!)dx'jdx, 
o 0 
1-Mi/ == Jow 13 exp[fxw (O! - j3) dx'] dx. 
The last condition is that the functional form of the 
electric field distribution E(x) be known so that Eqs. 
(3) and (4) can be solved for the ionization coofficients 
a and 13. 
(3) 
(4) 
We designed our experiment to meet these three im-
portant experimental conditions by making the measure-
ments in grown p -n junctions. These diodes were pre-
pared by liquid-phase epitaxy on GaAs (111) B sub-
strates with intermediate grading layers to relieve the 
strain of lattice mismatch between the substrates and 
the junction. 7 By photochemical etChing, mesas with an 
area of 4 x10- 3 cmz were defined in the grown wafer. 
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